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SHORT FORMULA (GYAN SUTRA) __ 


MATHEMATICS 


Distance Formula: = Vx) -x.P+(,-yo) . 
: mxX2,=Nn mys=n 

Section Formula : ee aye 
man man 


Centroid, Incentre & Excentre: 


Xp +X +Xs3 Vi +Vot ¥3 aX,+bx,+Cx3 ay,+by2+cy3 
Centroid G 3 , 3 , Incentre | Bebe. see 
ax,+bx»+Cx3 —ay,+by,+cy3 
Excente | ~aepee* Saab ee 


Area of a Triangle: 


xX yy 1 
Xp Yo 1 
X3 Y¥3 1 


1 


A ABC = > 


Slope Formula: 


s : GA : _ ¥1—¥2 
(i) Line Joining two points (x, y,) & (x, y,), M= XE 
XY, 1 
Condition of collinearity of three points: X Yo 1]/ =0 
X3 ¥3 1 
Angle between two straight lines : tan@ = |™—™2. 
1+m ms 
Two Lines : ax + by +c = 0 and a’x + b’y + c’ = 0 two lines 
ab c 
1. parallelif 4G => 4-7. 
a ob c 


C1—Co 


fa?+b? | 


2. Distance between two parallel lines = 


3 Perpendicular : If aa’ + bb’ = 0. 


9. 


10. 


11. 


12. 


nN 


NO 
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A point and line: 


1. Dist bet int and li ese) ies 
. VIStance between point and line = Fi eos i 
a> +b? 


X—X1_Y~Vi__ 5 & ;tby ,+¢ 


2. Reflection of a point about a line: 


Resonance 
Echucating for better tomorrow 


b ab: 
KEK ax ,+by4+c 
3. Foot of the perpendicular from a point on the line is a b az+b2 
' . ax + by +c ax+by+c’ 
Bisectors of the angles between two lines: COE a eee 
a2+b2 la’24 p’2 


Condition of Concurrency ‘of three straight lines ax+ by +c =0,i1=1,2,3 isla. bz ¢| = 0. 


A Pair of straight lines through origin: ax?+ 2hxy + by? = 0 


2,/h?— ab 


If 8 is the acute angle between the pair of straight lines, then tan9 = |~ 375 


ay 


as 


CREE. ....].|]@=—COUOUD 


Intercepts made by Circle x?+ y?+ 2gx + 2fy + c= 0 on the Axes: 


(a) 2,/g?-c onx -axis (b) 2f?-c ony - aixs 


Parametric Equations of aCircle: x=h+rcos@; y=k+rsin@ 
Tangent : 


(a) Slope form: y= mx + g 14m? 

(b) Point form: xx, + yy, = a? orT=0 

(c) Parametric form : x cosa + y sina =a. 
Pair of Tangents from a Point: Ss, = T?. 


Length of a Tangent : Length of tangent is /S, 
Director Circle: x2 + y2 = 2a? for x? + y? = a? 
Chord of Contact: T= 0 


2LR 
1. Length of chord of contact = ———— 
(RoE 


2. Area of the triangle formed by the pair of the tangents & its chord of contact = 


RL 
R2+L? 
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L?_R? 
4. Equation of the circle circumscribing the triangle PT, T, is: (x—x,) x+g)+(y-y,) (yt f) =0. 
Condition of orthogonality of Two Circles: 29,9,+2f,f,=0c,+,. 
Radical Axis : S,—S,=0 i.e. 2(g,-g,)x+2(f,-f,) y+ (c,-c,) =0. 
10. Family of Circles: S,+KS,=0,S+KL=0. 


2RL 
3. Tangent of the angle between the pair of tangents from (x,, y,) = | 


wo 


LL — he ee rr—™——C 
1. Equation of standard parabola: 
y’ = 4ax, Vertex is (0, 0), focus is (a, 0), Directrix is x + a = 0 and Axis is y = 0 
Length of the latus rectum = 4a, ends of the latus rectum are L(a, 2a) & L (a, — 2a). 
2. Parametric Representation: x = at? & y = 2at 
3. Tangents to the Parabola y? = 4ax: 


1. Slope form y = mx res (m #0) 2. Parametric form ty = x + at? 
m 
3. Point form T = 0 
4. Normals to the parabola y? = 4ax : 
y-y,= J (x — x,) at (x, y,) | y= mx— 2am — am? at (am’, — 2am) ; y + tx = 2at + at® at (at?, 2at). 
2a 
ee 
2 tae 
1. Standard Equation : — + ma = 1, where a> b & b? = a? (1 — e€?). 
a 


2 
b 
Eccentricity: e=,/1— > ,(0<e<1), Directrices: x =+ 
a 


Focii : S = (4 ae, 0). Length of, major axes = 2a and minor axes = 2b 
Vertices: A’=(—a, 0) &A=(a,0). 


2 
Latus Rectum : = a = 28 (-e?) 


2. Auxiliary Circle : x2 + y? = a? 


3. Parametric Representation : x =acos@&y=bsine 
4. Position of a Point w.r.t. an Ellipse: 
xi YF 
The point P(x, y,) lies outside, inside or on the ellipse according as ; yaaa ><or=0. 
a 
. ‘ 2 2 
5. Line and an Ellipse: The line y = mx + c meets the ellipse 2 + a = 1 in two points real, coincident 
or imaginary according as c? is < = or > a?2m? + b?. 
XX YY 
6. Tangents: Slope form: y = mx + ,/a2m2+b2 , Point form: mare : 


xcos9_—-ysin@ 
peace ae = 


Parametric form: 1 


aoPo N 
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2 2 2 42 
a“*x b —b 
Normals: ae = a?— b?, ax.sec@ — by cosecé = ee eee ae 
yo yae+b°m* 
Director Circle: x? + y? = a? + b? 
SEES estes HYPERBOLA  —. 
2 2 


: x 
Standard Equation: Standard equation of the hyperbola 2 = 2 =1, where b? = a? (e?— 1). 


Focii: S = (+ ae, 0) Directrices : x = + 
Vertices : A= (+a, 0) 


@o |% 


2b? 
Latus Rectum (@): ¢= 5a = 2a (e? -1). 


2 2 2 
Conjugate Hyperbola : ~ = a = oe a = 1 are conjugale hyperbolas of each. 
a ay 

Auxiliary Circle : x? + y?= a?. 

Parametric Representation : x = asecé@ & y=btané 


Position of A Point 'P' w.r.t. AHyperbola : 


2 
S,= = - a —1 >, =or< 0 according as the point (x, y,) lies inside, on or outside the curve. 
a b 
Tangents : 


(i) Slope Form : y=mx+./a°’m’ — b? 


(ii) | Point Form: at the point (x, y,) is — = va = 
a b 
(iii) Parametric Form : ey ian =1 
a b 
Normals : 
a“x by 
(a) at the point P (x,, y.) is —~ + —— = a? + b? = a’e?. 
X] ¥1 
(b) at the point P (a sec 0, b tan 8) is ae + oy = a? + b? = a7 e?. 
secO  tanO 


a2 +b? jm 


(c) Equation of normals in terms of its slope 'm' are y = mx + . 
ee —b°m? 


2 2 
Asymptotes: =+%=0 and =-*=0.Pairofasymptotes: ~-* =0. 
ab a b a b 
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Rectangular Or Equilateral Hyperbola : xy = c?, eccentricity is /2 . 

Vertices : (+ © +c) ; Focii a0 J2c+ 2c). Directrices:x+y=+/2 ¢ 


Latus Rectum (/):¢=2V2 c=TA.=CA. 
Parametric equation x = ct, y = c/t, te R— {0} 


Equation of the tangent at P (x, y,) is = + 7 =28 at P(t) is aS ty =2c. 
1 1 


Equation of the normal at P (t) is xt? — yt = c(t*?-1). 
Chord with a given middle point as (h, k) is kx + hy = 2hk. 


-_ — LIMITOFFUNCTION 


Limit of a function f(x) is said to exist as x —> a when, 


Limit f(a—hy =~ Limit -§ (a +h) = some finite value M. 
(Left hand limit) (Right hand limit) 


Indeterminant Forms: 


aI!O 


, = 0 X 00, co — co, 009, 0°, and 1”. 
CO 


Standard Limits: 


Limit SMX _ Limit taNx _Limit tan“"x _Limit SiN™x _ Limit e%=1 = Limit 00+) _, 
x00 Xx x00 Xx x30 x x0 x x00 x x00 Xx 


x30 © x30 Xa x-a 


fe. oo, 1¥ FE aye xD! wg yt al 
Limit (4 + yyw = Limit [+5] =e, Limit 4 te log,a,a>o, Limit (Sen ee 
x 


Limits Using Expansion 


Ina x?In?a_ xin? a KK 
i x44% rita 12 0 ii X= ee 
Oo 8 1! 2 3! a a oa 
Z: 3 4 3 5 7 
x x x . x x x 
a2 aby Sec OE. = Baa 
(iii) In (1+x) =X 5 + 3 A aeaictainr, for—1<x<11 (iv) sinX =x 3i + 5 7 edd 
2 4 6 3 5 
x* x" x x” 2x 
cosx =1 + Fassit i Sh ect 
“) 2 4! ol Ws lRI 3. 15 
3 5 7 2 2492 292 £2 
2 x" x? x - . 3 3° 5 1°.3°.5° 7 
‘y= X=} 4 "y= X+—x" 4 x4 kK chta. 
(vii) tan'x 3 po (vill) sin'x 31 BI 7 
n(n —1) n(n —1)(n— 2) 
(x) for |x|}<1,neR(1+x=1+nxt 1.2 x? + 1.2.3 Di caer oo 


Limits of form 1%, 0°, -° 
Also for (1)” type of problems we can use following rules. 
lim (1 +x)*=e, TM [fogjs® , where f(x) 21; g(x) > asx as lim = Jimifoo-tae 


Sandwich Theorem or Squeeze Play Theorem: 


If f(x) <gi) <b) Vx & Limit toy =, =Limit qe) thenLimit gy) = 


xa xva xX-a 


-~ METHOD OF DIFFERENTIATION ~ 


Differentiation of some elementary functions 


qd n= n-1 x x da - 1 qd = 1 
1. ix (x") = nx 2. <(a)=a éna 3. ay (én [xl) = > 4, ax (log,x) = ae 
pies ft kets ett gs oe : 

ae (sin x) = cosx 6. ay (cos x) =- sin x 7. a (sec x) = sec x tan x 
8 a = t 9 a t =sec?x 10 = tx) = B 
ay (cosec x) = — cosec x cot x a (tan x) = sec? x aoe (cot x) = -— cosec* x 
Basic Theorems 
d 
aH fFDaf& +9'O) <(k fx) =k Gy FOO 3. Gr (FG) - 90) = FOO) 9") + 9X) FOX) 
d (f&))_ gM F&~-fwIe) d = 
ae | oer 92(x) 5. 5 (FG) = FG) g’®) 


Derivative Of Inverse Trigonometric Functions. 


dsin“' x 1 dcos"'x 1 
= ; =- ,for-—-1<x<1. 
dx vi-x? dx 1-2 
dtan-'x 1 dcot~'x 1 
= — R 
dx 1ax?' ax 14x? ow 
dsec'x _ 1 dcosec~'x 


= ‘ , forxe (-~,-1) U (1, ~) 


dx x |x? 4’ dx |x| vx? —4 
Differentiation using substitution 
Following substitutions are normally used to sumplify these expression. 
(i) x2 +42 by substituting x = atan 8, where — . <O0< > 


(ii) gq? _y? by substituting x = asin 6,where - — <0< 
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(iii) x? —a? by substituting x =asec6,where @e [0,7], O# 3 


X+a 
iv 
('v) amo 


Parametric Differentiation 


by substituting x = a cos 9, where 0 e& (0, x]. 


dy _ dy/dé 
If y = (0) & x = g(8) where 9 is a parameter, then dx. dx/de ° 


Derivative of one function with respect to another 
_ dy/dx f'(x) 


dy 
Let y = f(x); Z = g(x) then ia ee a(x)” 


f(x) g(x) h(x) 
If F(x) =|I&) m(x) n(x)|, where f, g, h, |, m, n, u, v, w are differentiable functions of x then 
u(x) v(x) W(x) 


fx) gO) NO fx) go) ho f~ g(x) h(x) 
F’ (x) =|!) mx) n(x), + |x) om’) + LIQ) mod. 
ux) v(x) wh) luo) vod w(x) u(x) Vio wid 


APPLICATION OF DERIVATIVES 


Equation of tangent and normal 
Tangent at (x,, y,)isgivenby (y—y,) = f(x.) (K-x,); when, f’(x,) is real. 


And normal at (x,, y,)is (y-y,)=- (x —x,), when f’(x,) is nonzero real. 


f(x) 
Tangent from an external point 


Given a point P(a, b) which does not lie on the curve y = f(x), then the equation of possible tangents to the 
curve y = f(x), passing through (a, b) can be found by solving for the point of contact Q. 


_,. _ f(h)—b 
f’(h) = Fa 
Oth, tiny) 
P(a,b) 
y = fx) 
Figure 
f(h)-b 
And equation of tangent is y -— b= ha (x - a) 


Length of tangent, normal, subtangent, subnormal 


() — PT=|k|,/1+— = Length of Tangent 
m 


(ii) PN=|[k|v1+m? =Length of Normal 
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(iii) TM= x = Length of subtangent 


(iv) MN = |km| = Length of subnormal. 


Angle between the curves 

Angle between two intersecting curves is defined as the acute angle between their tangents (or normals) at the 
point of intersection of two curves (as shown in figure). 

m,—m, 

1+m,m, 
Shortest distance between two curves 

Shortest distance between two non-intersecting differentiable curves is always along their common normal. 
(Wherever defined) 

Rolle’s Theorem : 

If a function f defined on [a, b] is 

(i) continuous on [a, b] (ii) derivable on (a, b) and 

(iil) f(a) = f(b), 

then there exists at least one real number c between a and b (a < c <b) such that f’(c) = 0 

Lagrange’s Mean Value Theorem (LMVT): 


If a function f defined on [a, b] is 


tan 8 = 


(i) continuous on [a, b] and (ii) derivable on (a, b) 

then there exists at least one real numbers between a and b (a < c < b) such that oe = f’(c) 
Useful Formulae of Mensuration to Remember : 

1. Volume of a cuboid = ébh. 

2 Surface area of cuboid = 2(¢b + bh + hé). 

3. Volume of cube = a? 

4 Surface area of cube = 6a? 

5. Volume of a cone = +r rh. 

6. Curved surface area of cone = mré (¢ = slant height) 

7. Curved surface area of a cylinder = 2zrh. 

8. Total surface area of a cylinder = 2arh + 2nr’. 

9. Volume of a sphere = Sn 

10. Surface area of a sphere = 4nr°. 

11. Area of a circular sector = oP 68, when 9 is in radians. 

12. Volume of a prism = (area of the base) x (height). 

13. Lateral surface area of a prism = (perimeter of the base) x (height). 

14. Total surface area of a prism = (lateral surface area) + 2 (area of the base) 


(Note that lateral surfaces of a prism are all rectangle). 


(iii) 


(v) 


(vii) 


(ix) 


(xiii) 


(xiv) 


(xv) 
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1 
15. Volume of a pyramid = 3 (area of the base) x (height). 


1 
16. Curved surface area of a pyramid = > (perimeter of the base) x (slant height). 


(Note that slant surfaces of a pyramid are triangles). 
_ INDEFINITEINTEGRATION its 
If f & g are functions of x such that g’(x) = f(x) then, 


d 
| fxdx=gqx)tco ie = f(x), where c is called the constant of integration. 
x 


Standard Formula: 


(ax+b)"") “a dx 1 
| exc by dx = — to net (ii) | =— fn(ax+b)t+c 
a(n+1) axt+b a 
1 eer e 
i em dx =— e+ ¢ (iv) i arcidx =— 2 +c;a>0 
a p éna 
. 1 F Tf, 
sin (ax + b) dx = —— cos (axt+b)+c (vi) cos (ax+ b) dx =— sin (axt+ b) +c 
a a 
1 ua 1 
| tan(ax + b) dx =— én sec(ax+ b)+c (viii) cot(ax + b) dx =— én sin(ax+b)+c 
a a 
J 
sec? (ax + b) dx =— tan(ax+b)+c (x) i cosec?(ax + b) dx = ——cot(ax + b)+c 
a a 
| T XxX 
secx dx = én (secx + tanx) +c OR én tan (= + 4 +C 


x 
i cosec x dx = én (cosecx — cotx) + c OR én tan > + c OR — én (cosecx + cotx) +c 


dx Xx : dx ] _x 
Se INS EC (xvi) Fe ee 
a —x" a av +x a a 


dx l 
(xvii) J Meee sec’ +¢ (xviii) —_ = én [x + yx ta° +c 
[x] yx°— a a feng? 


a 
dx ee dx 1 a+Xx 
—————_ = fn x + yx?-a? | +0 XX =— féni/z |]+ec 
J Lae? ve) J a-x” 2a aes 
dx 1 x-a > x a’ x 
| , . = OWN ee (xxii) J la? —x? Ser la? —x? ues sin'— +c 
a. 2a a 
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+C 


(xxiii) | xt ta x= fx? ba? A en in 
(xxiv) | x? =a? dx => Jka? = en pee) fe 
3. Integration by Subsitutions 

If we subsitute f(x) = t, then f(x) dx = dt 
4. Integration by Part : 

[foo g(x) dx = f(x) [(G00)ax Z J/g 600) flaca] 


dx 
5. Integration of type leew 2Gpeies Jie areas , | fax? +bx+¢ dx 


Make the substitution x + = =t 
a 


6. Integration of type 


ae px+q era toae 
ax? +bx+¢ ae, | ee pao dx, Jtox+a) ax°+bx+c dx 


Make the substitution x + = =t, then split the integral as some of two integrals one containing the linear 
a 
term and the other containing constant term. 


7. Integration of trigonometric functions 


dx dx 
i i ——,— OR | OR i ut tan x =t. 
) a + bsin?x a + beos*x asin’x + bsinx cosx + ¢ cos?x P 


ii) J srpsm «OR J on J - ttan> =t 
il F —_—_—_—_—- u <a 
a + bsinx a + bcosx a + bsinx + ccosx B 2 


J a.cosx+bsinx+c 
écosx+msinx+n 


d 
dx. Express Nr= A(Dr) + Bad (Dr) +c & proceed. 
x 


8. Integration of type 


xo +1 
| x44 Kee dx where K is any constant. 


1 
Divide Nr & Dr by x? & putx + — =t. 


x 


9. Integration of type 
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dx dx 
ane eee 


10. Integration of type 


dx ; 25 1 | dx f 
, put ax =o , put x = 
= +b) ./px 7+qx +r : (ax?+ b) ypx?+q : 


DEFINITE INTEGRATION 


Properties of definite integral 


b b b a b Cc b 
1. Jr axe frat 2. [te exe=— [tod ax 3. Jt cie= Froese [10 


4. [tedx = [060 +09) dx = [2]f000 . F>9=f09 
0 0 


= 0 , f(—x) =-f(x) 
b b a a 
5. J t00 dx = | fa+b-x) dx 6. ic) dx= | fa-x) dx 
a a 0 0 
29 6 2 | f(x)dx , f(2a—x) = f(x) 
7. [f) dx = [fo + f(2a-x) dx = } 3 
0 0 0 , f(2a-—x)=-f(*) 
8. If f(x) is a periodic function with period T, then 


nT T atnT T 
[feo dx =n J feo dx, ne Z, [feo dx =n J feo dx, nez,aceR 
0 0 a 0 


nT T at+nT a 
[too dx =(n—m) [foo ax, m, ne Z, Jfeo dx = [foo ax, nez,aceR 
mT 0 nT 0 
b+nT a 
[reo dx = J foo dx, nez,a,beR 
atnT a 
b b b 
9. If w(x) < F(x) <6 &) for a<x<b, then [veo dx < [feo dx < Joos dx 
a a a 
b 
10. lfim<sfo) <M fora<sx<b, thenm (b-—a)< [ieodxsm (b -a) 
b b si b 
1 Jfeo ax} < || F00 | ax 12. iff) =O on[a, b] then f(x) dx >0 
a a a 
a dF (x) 


Leibnitz Theorem: If F(x) = Jf dt. then 
g(x) 


ae h’(x) f(n(x)) —9’09) FG) 
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_ BASICS. 


Intervals : 


Intervals are basically subsets of R and are commonly used in Solving inequalities or in finding domains. 


If there are two numbers a, b € R such that a < b, we can define four types of intervals as follows : 
Symbols Used 


(i) Open interval : (a, b) = {x : a< x < b}i.e. end points are not included. () or 
(ii) Closed interval : [a, b] = {x:a<x<b}i.e. end points are also included. 

This is possible only when both a and b are finite. 
(iii) Open-closed interval : (a, b] = {x:a<x<b} (] or 
(Vv) Closed - open interval : [a, b) = x: a<x <b} [) or 


The infinite intervals are defined as follows : 

(i) (a, 0) = {x : x > a} (ii) [a, 0) ={x:x>a} 
(iii) (— «0, b) = {x : x < b} (iv) (00, b] = {x : x <b} 
(v) (— «©, co) = {x : xe R} 


Properties of Modulus : 
Forany a,be R 


a | a | 
|a| > 0, |a] = |-al, |al > a, |a] >a, |ab] = [al |b, F = Ip]: 
|a + b| < [al + |b], |a — b] = |lal — |b] 
Trigonometric Functions of Sum or Difference of Two Angles: 
(a) sin (A + B) = sinA cosB + cosA sinB .. 2 SiNA COsB = sin(A+B) + sin(A—B) and 


and 2 cosA sinB = sin(A+B) — sin(A-B) 
(b) cos (A + B) = cosA cosB + sinA sinB 
.. 2 COSA COSB = cos(A+B) + cos(A-B) and 2sinA sinB = cos(A-B) — cos(A+B) 
(c) sin?A — sin?B = cos?B — cos?A = sin (A+B). sin (A— B) 
(d) cos?A — sin?B = cos?B — sin?A = cos (A+B). cos (A- B) 
cotAcotB +1 


(e) cot (A +B) = Cote +cotA 


tanA + tanB+tanC-tanA tanB tanCc 
1—tanA tanB—tanB tanC—tanC tanA ° 


(f) tan(A+B+C)= 


Factorisation of the Sum or Difference of Two Sines or Cosines: 


IT 


- C+D c-D 

(a) sinc + sinD = 2 sin = cos (b) sinC — sinD = 2 cos sin ——_ 
- C+D c-D 

(c) cosC + cosD = 2 cos = cos = (d) cosC —cosD = —-2 sin > sin 5 


Multiple and Sub-multiple Angles : 


) tS) 
(a) cos 2A = cos?A — sin?A = 2cos?A-1 = 1-2 sin’A; 2 cos’ | =1+cos6,2 sin’ 5 =1-cosé. 
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i je py clita d in 3A = 3 sinA—- 4 sin’A 
(c) sin = aejane A , COS Fae (d) sin = 3 sinA-—4sin 
3tanA—tan?A 
(e) cos 3A = 4 cos*A — 3 cosA (f) tan 3A = ——_3, 
1-3tan°A 
Important Trigonometric Ratios: 
(a) sinnz=0 : cosnz=(-1) ; tannn=0, wherene lI 
b ister eno Seuss 2s 4 
(b) sin or sin ‘oye 2/2 = cos or cos 12 : 
cos 15° or cos— = sou = sin 75° or sin 20 ; 
fp. ge a 
V3-1 V34H1 
tan 15 = Bx =2 /3 = cot 75°; tan75 = 94 =21,/3 =cot 15 
(c) sin or sin 18° = v5 & cos 36° or cos = = v5 
10 4 5 4 


Range of Trigonometric Expression: 
—Ja2+b2 <asinO+bcosé@ < Ja2+b? 


Sine and Cosine Series : 


—— > —1 
sina + sin(a + B) + sin(a + 28) +...... + sin (x + mB) =f sinfat 5 8] 
n= 
2 


— sin 3B n-1 
cosa +cos(a +B) + cos(a+ 2B) +...... + cos(a +n — 1B) mb cos [a+ 58] 
2 


Trigonometric Equations 
Principal Solutions: Solutions which lie in the interval [0, 2x) are called Principal solutions. 
General Solution : 


(i) sin8 = sina > 9=nz+ (-1)"a where we -£,4),ne1 


(ii) cos@ = cosa > 8 = 2nnx+a where ae [0, zx], née I. 
(iii) tano=tena>o2nx+awnereac(—E,2),net 


(iv) sin? § = sin?a, cos*@ = cos? a, tan?@=tan?ao >O=nrta. 


 - QUADRATIC EQUATIONS a == 
1. Quadratic Equation : ax?+bx+c=0, az0 
—b+b*—4ac 
X= , The expression b*— 4 ac = Dis called discriminant of quadratic equation. 


i 
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b c 
If x, B are the roots, then (a) a+ B =- a (b) a B= a 


A quadratic equation whose roots are o & B, is (K- a) (K-B)=0 ie. xX?-(a+B)xt+taB =0 


Nature of Roots: 
Consider the quadratic equation, ax’? + bx + c= 0 having o f as its roots; D=b*-4 ac 


| 
| | 


D=0 Dz#0 
Roots are equala = 8 =—b/2a Roots are unequal 
a,b,ce R&D>O0 a,b,ce R&D<0 
Roots are real Roots are imaginary n=pt+iq, B=p-igq 
a,b,ce Qé& a,b,ce Q& 
D is a perfect square D is not a perfect square 
=> Roots are rational => Roots are irrational 


d, ie.a=p+iq,B=p- Va 
a=1,b,ce 1& Disa perfect square 
> Roots are integral. 
Common Roots: 
Consider two quadratic equations a,x’ +b,x+c,=O0&a,x?+b,x+c,=0. 


(i) If two quadratic equations have both roots common, then Bice 


ay bg Cy 


bp _ 


2 : Cy ay — Coa by cy — boc 
(ii) If only one root « is common, then o = 1-22" 1 = 1-2 2" 


ajby —agbj = cyag — C9. ay 


Range of Quadratic Expression f (x) =ax?+bx+c. 


Range in restricted domain: Given x € [x,, x,] 


(a) It é [x,, x] then, f(x) [min {f(x,),f(x2)f, max {f(x1), f(x2) f} 


(b) It e [x,, x] then, f(x) min | #6), #62), 2h max {t(04). (a). 2. 
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5. Location of Roots: 


Let f (x) = ax?+ bx+c,wherea>O&abceR. 


(i) Conditions for both the roots of f (x) = 0 to be greater than a specified number’x,” are 
b? — 4ac > 0; f (x,) > 0 & (-b/2a) > x,. 

(ii) Conditions for both the roots of f (x) = 0 to be smaller than a specified number ‘x,’ are 
b? — 4ac > 0; f (x,) > 0 & (-b/2a) < x,. 

(iii) Conditions for both roots of f(x) = 0 to lie on either side of the number ‘x,’ (in other words the 


number ‘x,’ lies between the roots of f (x) = 0), is f (x,) < 0. 


(iv) Conditions that both roots of f (x) = 0 to be confined between the numbers x, and 
X,, (X, < X,) are b?— 4ac > 0; f(x,) > 0; f(x,) > 0 & Xx, < (-b/2a) < x,, 


(v) Conditions for exactly one root of f (x) = 0 to lie in the interval (x,, x,) i.e. 
X,<xX<xX, is f(x,).f(,) <0. 


_ SEQUENCE &SERIES =D 


An arithmetic progression (A.P.) : a, a+d, at+2d........ a+(n—1)dis anA.P. 
Let a be the first term and d be the common difference of anA.P., thenn" term =t,=a+(n—1)d 
The sum of first n terms of are A.P. 
n n 
S,= 3 [2a + (n-—1) d] = plate] 
r" term of an A.P. when sum of first r terms is givenist,=S.-S__,. 


Properties of A.P. 
(i) lfa,b,careinAP. >2b=at+cé&ifa,b,c,dareinAP > atd=brte. 


(ii) Three numbers in A.P. can be taken as a—d, a, a+d; four numbers in A.P. can be taken as 
a-—3d,a—d,at+d,a+3d: five numbers inA.P. are a—2d, a—d, a,a+d,at+2d &sixterms inA.P. area 
— 5d, a—3d, a—d, a+d, a+ 3d, a+ 5d etc. 


(iii) Sum of the terms of an A.P. equidistant from the beginning & end = sum of first & last term. 


Arithmetic Mean (Mean or Average) (A.M.): 


If three terms are inA.P. then the middle term is called the A.M. between the other two, so if a, b, c are in 
A.P., biISA.M. of a & c. 


n—Arithmetic Means Between Two Numbers: 
If a, b are any two given numbers & a, A,,A,,....,A,, bare inA.P. thenA,, A,,...A, are the 
b-a 42 (b =a) n (b—- a) 


nA.M.’s between a &b. A, =at ,A, = a +——__ ,...... A, = at 
n+l n+1 n+l 


n 
> A, = nA where A is the single A.M. between a & b. 
r=1 


Geometric Progression: a, ar, ar?, ar?, ar’....... is a GP. with a as the first term & r as common ratio. 
alr" —1 
(i) nh term = art" (ii) Sum of the first ntermsi.e.S,=)~ 7-7’ ee 
na ea 


(iii) | Sum of aninfinite G.P. when |r| <1isgivenby S. = ra ([r| <1). 
—f 
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Geometric Means (Mean Proportional) (G.M.): 
Ifa, b,c>OareinGP., bis the GM. between a &c, then b? = ac 


n—Geometric Means Between positive number a, b: If a, b are two given numbers & a, G,, G,,....., G,, 
b are in GP.. Then G,, G,, G3,...., G, are nG.M.s between a & b. 
G, = a(b/a)/""1, G, = a(b/a)y?/1, ,G, = a(b/ayr/nt 


Harmonic Mean (H.M.): 


2ac 
lf a, b, c are in H.P., bis the H.M. between a &c, then b= aes 
ead. 1 4 )]|| Sted, _I 
H.M. H of a), a, ........ a,is given by alas a5 Pees a, 
Relation between means : 
G?=AH, AM.>GM.>H.M. and A.M.= GM. =H.M. if a=ajrato. =a, 


Important Results 


5 


(i) Py (a,+b,) = da rae . (ii) > ka =k ya . (iii) y k = nk; where k is a constant. 


= r=l1 r=1 
. uw n (n+1) 7 n (n+l) Qn+1) 
=1+24+3+ +n= 2= 124+ 224+ 324 + 12 = 
(vy) 2 rat+2+3 sates n 5 psec iaheens ree n : 
nh a) 
vi r= 134+ 234 334.0, + n=" ie 
(vi) »y 4 
n 
wp 82 aa, =(a,ta,+.... ta -(az?taz+.... +a) 
i<j=1 


BINOMIALTHEOREM 7 ——. 


1. Statement of Binomial theorem: Ifa, be RandneN, then 


n 
(a + b)" = °C, ap? + °C, ag™-ipt+ °C, gr? b2 +. + "Cc. gt b+. + °C. ao b= payer ap! 


r=0 
2. Properties of Binomial Theorem : 
(i) General term: T.,, = °C, a"™ b’ 
(ii) Middle term (s): 
n+2 
(a) If nis even, there is only one middle term, which is 2 th term. 


n+1 +1 
(b) If nis odd, there are two middle terms, which are S 2 Jo and St} terms. 


n! ; 
. . ———___ 1 
3. Multinomial Theorem: (x, +x, +X, +... xr = > ty tl... ty! are 


Tytfot..th=n 


Ip tk 
XS My 


Here total number of terms in the expansion = "'C__, 


i 
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Application of Binomial Theorem : 


If (VA +B)" = 1+ f where I and n are positive integers, n being odd and 0 <f< 1 then 
(I +f) f= k" where A- B?=k>0Oand JA-B <1. 

If nis an even integer, then (I + f) (1 —f) =k" 

Properties of Binomial Coefficients : 

(i) "C+ C, + Ci + ee +#°C =2" 

(ii) Ol Ore a Oa Ota eee ee +(-1)""C, =0 

(iii) "tC, tC, +... HTC, tC, tC + 2 

"Cc, _ n-r+i 

"C4 r 


Binomial Theorem For Negative Integer Or Fractional Indices 


(vy) "Cc. + cc , = mc (v) 


n(n —1) oo n(n —1)(n— 2) Be, n(n—1)(n—2)....... (n-r+1) “i 
2! 3! r! 


n(n—1)(n—2)......... (n—r+1) 
~ x 


- PERMUTATION& COMBINNATION  ~— 


Arrangement : number of permutations of n different things taken r at a time = 


(1+xj"=1+nxt +....,| x] <1. 


n! 
(n-r)! 


"Po =n(n—1) (n-2)...(n-r+1)= 


Circular Permutation : 
The number of circular permutations of n different things taken all at a time is; (n - 1)! 


| n 
nt P, 


Selection : Number of combinations of n different things taken r at a time = "C_ “Ann! a 
*(N—-T) rl 


The number of permutations of 'n' things, taken all at a time, when 'p' of them are similar & of one type, q 
of them are similar & of another type, 'r' of them are similar & of a third type & the remaining 


n-(p+q+tn are all different is oral : 
Selection of one or more objects 
(a) Number of ways in which atleast one object be selected out of 'n' distinct objects is 
MC, $C FC, Foe +7C =2"-1 
(b) Number of ways in which atleast one object may be selected out of 'p' alike objects of one type 


'q' alike objects of second type and 'r' alike of third type is 

(p+ 1) (q +1) (r+1)-1 
(c) Number of ways in which atleast one object may be selected from 'n' objects where 'p' alike of 
one type 'q' alike of second type and 'r' alike of third type and rest 

n—(p+q+tr) are different, is 

(p+ 1) q# 1) (r+ 1) 2r-Wrarn—4 
Multinomial Theorem : 
Coefficient of x' in expansion of (1—x)"="""'C (née N) 


Let N = p? q? r*..... where p, q, V...... are distinct primes & a, b, c..... are natural numbers then : 
(a) The total numbers of divisors of N including 1 & Nis = (a+ 1) (b+ 1) (C+ 1)........ 


i 
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(b) The sum of these divisors is = 
(p°+ p'+ p?+.... + p?) (Q°+ g't+ q?t+....+ >) (Pt Mt Petty... 
(c) Number of ways in which N can be resolved as a product of two factors is 
F(a+(b+1)(c+).... if N is not a perfect square 
ta +1)(b+1)(C+1)....41| if Nis a perfect square 
(d) Number of ways in which a composite number N can be resolved into two factors which are 


relatively prime (or coprime) to each other is equal to 2""' where n is the number of different 
prime factors inN. 


Dearrangement : 
Number of ways in which 'n' letters can be put in 'n' corresponding envelopes such that no letter goes to 


correct envelope is n! a , + + + nae he ma 7 
_ PROBABILITY | 


"Classical ( (A riot) ‘Definition of Probability : 


If an experiment results in a total of (m + n) outcomes which are equally likely and mutually exclusive 

with one another and if ‘m’ outcomes are favorable to an event ‘A’ while ‘n’ are unfavorable, then the 
m _ mA) 

m+n n(S)— 

We say that odds in favour of ‘A’ are m: n, while odds against ‘A’ are n: m. 


probability of occurrence of the event ‘A’ = P(A) = 


P(A) = —"— = 1 - P(A) 


Addition theorem of probability : P(AUB) = P(A) + P(B) — P(AnB) 
De Morgan’s Laws: (a) (Av B)* = AS BS (b) (A 1 B)* = ASU BS 
Distributive Laws :(a) AU (BAC) = (AUB) A (AUC) (b) AN (BUC) =(ANB)U(ANC) 


(i) P(A or B or C) = P(A) + P(B) + P(C) — P(A B) - P(B AC) -— P(C AA) +t PCAN BOC) 
(ii) P (at least two of A, B, C occur) = P(B mC) + P(C MA) + P(AM B)- 2P(IAN BNC) 
(iii) P(exactly two of A, B, C occur) = P(B MC) + P(C NA) +t P(A B) — 3P(AN BOC) 
(vy) P(exactly one of A, B, C occur) = 

P(A) + P(B) + P(C) — 2P(B 4 C) — 2P(C NA) — 2P(ANB) + 3P(AN BOC) 
P(AMB 
Conditional Probability : P(4/B) = scone 
Binomial Probability Theorem 


If an experiment is such that the probability of success or failure does not change with trials, then the 
probability of getting exactly r success inn trials of an experiment is °C, p'q"~', where ‘p’ is the probability 
of a success and q is the probability of a failure. Note that p + q = 1. 


Expectation : 
If a value Mis associated with a probability of p, , then the expectation is given by © pM. 


Total Probability Theorem: P(A) = S'P(B) .P(A/B}) 


i=1 
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7. Bayes’ Theorem : 
If an event A can occur with one of the n mutually exclusive and exhaustive events B,, B,, ..... ,B, and 


nee P(B,) .P(A/Bi) 
the probabilities P(A/B,), P(A/B,) .... P(A/B,) are known, then P(B,/ A) = = 
>PB)). P(A/B;) 

Be Bs Bitten .B izt 


8. Binomial Probability Distribution : 


(i) Mean of any probability distribution of a random variable is given by : u = eu uieieee 


=rp x 
=P 
(ii) Variance of a random variable is given by, 6? = & (x, —u)?. p= Dp, x? —- wu? 
1. The complex number system 
z=at ib, then a -— ib is called congugate of z and is denoted by 7. 
2. Equality In Complex Number: z,=z, =  Re(z,)=Re(z,) and I,, (z,) =I, (Z,)- 
Representation Of A Complex Number: 
4. Properties of arguments 
(i) arg(Z,Z,) = arg(z,) + arg(z,) + 2mna for some integer m. 
(ii) arg(z,/z,) = arg (Z,) — arg(z,) + 2mn for some integer m. 
(iii) arg (2*) = 2arg(z) + 2mn for some integer m. 
(iv) arg(z) =0 eS zis a positive real number 
(v) arg(z)=ta/2 <3 z is purely imaginary and z#0 
5. Properties of conjugate 
(i) |z| =|z| (ii) Zz = (zl? (iii) Z,+Z. = Z + Zp 
; ——_. 5 SS ps 24) 4 
(iv) Z4—-Zy = 24 - Zp (Vv) Z4Z_ = 24 Z. (Wi) Zz \~ Zp (Z, #0) 
(vii) = |Z, + 2,17 = (2, + Z5) (2,425) = 124? + 2,1? + 2,2 + 242, 
(viii) (@) =z (ix) lf w= f(z), then w = f(z) 
(x) arg(Z) + arg(z) 
6. Rotation theorem 
23 — 22 23-22 | , 
If P(z,), Q(Z,) and R(z,) are three complex numbers and 7PQR = 9, then Z,—Z> = Z,—Z> ele 


10. 


i 
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Demoivre’s Theorem : 
Case I: If nis any integer then 


(i) (cos 8+isin@)" = cos né +i sin ne 
(ii) (cos 0, + i Sin 9,) (cos 8, + i sin 8,) (cos®, + i Sin 8,) (cos 8, + i Sin 95) ..... (cos 0, + i sin 8,) 
= 00s (0, + 8, + O34... 0,) ti sin (0, + 0, + 03+....... +0,) 


2kn + pO 2kn + pd 
Case II: If p,q ¢ Z and q #0 then (cos 6 +i sin 6)P4 = cos ae + isin a 


Cube Root Of Unity : 


(i) The cube roots of unity are 1, aN BISA. 
0) 


2 2 
(ii) If w is one of the imaginary cube roots of unity then 1 + w + m? = 0. In general 1 + ' + 2" = 0; where 
ré€ | but is not the multiple of 3. 


Logarithm Of A Complex Quantity : 


1 1 
(i) Log, (a +i B) = es Log, (0? + B?) + [aun + tan” é) where né I. 


Geometrical Properties: 


Distance formula: |z,—Z,|. 


F MZ, +NnzZ, eae MZ, —Nnz, ae 
Section formula : z = ————Y— (internal division), z = (external division) 
m+n m-n 
(1) amp(z) = 8 is aray emanating from the origin inclined at an angle 6 to the x— axis. 
(2) |z-a| = |z—b| isthe perpendicular bisector of the line joining a to b. 
(3) The equation of a line joining z, & z, is given by, z = z, + t (Z;—Z,) where t is a real parameter. 
(4) The equation of circle having centre z, & radius p is : 


|z-z,| =P 0OrzZz —Z)9zZ — Z,Z+ ZZ — P? = 0 which is of the form 
ZZ+0z2+0z +k=0,k is real. Centre is —a& radius = (0 —k_ 


Circle will be real ifaa—k =0.. 


(5) If |Z, -—2,| + |Z —Z,| = K > |Z, — Z,| then locus of z is an ellipse whose focii are z, & z, 
ei BSc 
(6) If Zz k #1, 0, then locus of z is circle. 
(7) if | |z- Z, Wes z, | |=K< lz, = Z| then locus of z is a hyperbola, whose focii are 
Z, & Zp. 


Position Vector Of A Point: 


let O be a fixed origin, then the position vector of a point P is the vector OP. If 4 and b are position 


vectors of two points A and B, then, AB = b-a = pv of B— pv ofA. 
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DISTANCE FORMULA : Distance between the two points A (a) and B (b) is AB = | a—b | 


SECTION FORMULA: 7="22™ id point of AB = 222 


m+n 


2 Scalar Product Of Two Vectors: 4.b =|4|| 5| cos 6, where |4|, | 5| are magnitude of 4 and b 


respectively and 6 is angle between a and b. 


= 7 a, 
1. ii=jj=kk=1; ij=jk=ki=0 projection eae 
2. Ifa =ajit+aj+a,k &b = bit bj + bk thena.b =a,b,+ a,b,+ a,b, 
S ab 
3. The angle @ betweeng & b isgivenby CS >= al |b]: O<o<n 
4. a.b-OGALb (#0 b#0) 
3. Vector Product Of Two Vectors: 
Ifa &b are two vectors & @ is the angle between them then ax b = fa|b|sino n, where ni is the unit vector 


perpendicular to both a&b such thata ; b & fi formsa right handed screw system. 


2. Geometrically [a x b = area of the parallelogram whose two adjacent sides are represented bya & b. 
3 ixi=jxj=kxk=0 3 ixj=k, jxk=ikxi=] 
i jk 
4. Ifa=ajtajtak &b=b,j +b,j +b, then Axb=|a, a, a, 
b, by bs 
5. axb=6 © 4andb are parallel (collinear) (a#0 , be O)ji.e.a =Kb, where Kis a scalar. 
: . Sigh ee axb 
6. Unit vector perpendicular to the plane of a& bisn=+ —_ 
Jax 
er Ifa,b & ¢ are the pv’s of 3 points A, B & C then the vector area of triangle ABC = 
LAR ga a. 2a. 2 Ney | in et, 
3 [axb + bxc + éxal . The points A, B & C are collinearif Aaxb+bxce+¢xa=0 


= = ljz- 
e. Area of any quadrilateral whose diagonal vectors ared, & d, is given by 3 i, xd,| 


aaab 
abbb 


= 52 [a2irl2 =s9 
o Lagrange's Identity ; (@xo)"=4| ly (ab)*s 
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Scalar Triple Product: 
The scalar triple product of three vectors q , b & & isdefined as: axb.c =ai[b|\e sin® cos@. 


Volume of tetrahydron V=jab¢] 


In a scalar triple product the position of dot & cross can be interchanged i.e. 


=> 


.(bxé)=(xb).6 OR [abé] = [bea] = [6a 5] 


oI 


(0x0) = —8.(Exb) ie. [2b] = -[2 Cd] 


2] 


ay az 4; 
If d= aitajta,k; b =b,itb,j+b,k &C =ci+c,j+c,k then[ab¢] =|b, b, b,). 


In general, ifa =a,l +a,m+a,i;b=b,]+b,m+b,n & C=] +c,m+c,n 
ay dg. Ag 
C&O 


Ifa, b, @ are coplanar [a b ¢] =0. 


Volume of tetrahedron OABC with O as origin &A(a), B(b) and C(¢) be the vertices = | 
The positon vector of the centroid of a tetrahedron if the pv’s of its vertices are q , b mons d are given by 
[a+ b+é4+d], 

Vector Triple Product: jx (bx G)= (@.Ob-@. be, (Ax b) xd =(@.Ob-(b. Ha 

r (Ax b)x € # 4x (bx 0), ingeneral 

Reciprocal System Of Vectors: 


If 4, b, ¢ & a’, b',e' are two sets of non coplanar vectors such that 4 4'=b.b'=<¢.¢' = 1 then the two 


Vector representation of a point : Position vector of point P (x, y, z) isxi +yj #zk. 


Distance formula : lea X)? +(Yi-Y2)" +(Z1-22) | AB=|OB - OA| 


Distance of P from coordinate axes : PA=,y* +z? , PB =jz2+x? ,PC = x? +y? 


Short Formula (Physics) Resonance 


Section Formula: x= a .y= \Z= 


1+X2 y - 212 ¥2 ea ieee 
2’ a 2 


: * x 
Mid point : X = 


Direction Cosines And Direction Ratios 

(i) Direction cosines: Let o, B, y be the angles which a directed line 

makes with the positive directions of the axes of x, y and z respectively, 

then cos @, cos, cos ¥ are called the direction cosines of the line. The 

direction cosines are usually denoted by (/, m,n). Thus ¢ = cos @, m= 

cos B, n = cos y. 

(ii) If €, m, n be the direction cosines of a line, then @ + m? + n?= 1 

(iii) Direction ratios: Let a, b, c be proportional to the direction cosines £, m, nthen a, b,c are called 
the direction ratios. 

(iv) lf €, m, n be the direction cosines and a, b, c be the direction ratios of a vector, then 


b Cc 


f= =+ wn=t 
Ja? +b? +0? Va? +b? +07 


+ 
Ja? +b? +07 


(vi) If the coordinates P and Q are (x,, y,, Z,) and (x,, y,, Z,) then the direction ratios of line PQ are, a 
, : ? : ci mama | 
=x,—-x, b=y,-—y, &c¢=z,—z, and the direction cosines of line PQ are ¢= |PQ| ” m 
hae El gna e QF) 
|PQ| |PQ| 


Angle Between Two Line Segments: 


a4a + byb, + C40 


fa? +b? +c? a? +b? +02 


cos 9 = 


F ; F a _b _¢ 
The line will be perpendicular if a,a, + b,b, + c,c,=0, parallel if —- =— =— 
ay 9, Cy 


Projection of a line segment on a line 

If P(x,, y,, Z,) and Q(x,, y,, Z,) then the projection of PQ ona line having direction cosines £, m, nis 

| 20x, —X,)+m(y, —y,)+n(z, - z,)| 

Equation Of A Plane : General form: ax + by + cz + d = 0, where a, b, c are not all zero, 


a,b,c,de R. 


(i) Normal form : éx + my + nz =p 
(ii) Plane through the point (x,, y,,Z,):a(x—-x,) +b(y-y,)+c@—-z)=0 
a xX Y Z 
(iii) Intercept Form: —+—+—=1 
a be 


10. 


11. 


i 
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(iv) | Vector form: (f — a).n =Oorf.n =a.n 

(v) Any plane parallel to the given plane ax + by + cz +d =O is ax+by+oz+A=0. 
| d;—d, | 

va? +b? +0? 


(vi) Equation of a plane passing through a given point & parallel to the given vectors: 


Distance between ax + by + cz +d, =0 and ax + by+cz+d,=0Ois= 


T=a+Ab+ Llc (parametric form) where A & Ll are scalars. 
or TE .(bx@) =a .(bx¢) (non parametric form) 


A Plane & A Point 


5 : : HE ct Sk ax'+by'+cz'+d 
(i) Distance of the point (x , y,, z ) from the plane ax + by + cz+ d = 0 is given by ————————. . 
be Dpa gD oh 2D, 
a’ +b’ +c 
a : ee Be ES uate: la.n-dl 
(ii) Length of the perpendicular from a point (a) to plane r.n =d is given by p a 
n 


(iii) | Foot (x’, y’, 2’) of perpendicular drawn from the point (x,, y,, z,) to the plane 


XXq yo, ZZ, (ax, + by, +0Z, +d) 
b co ak +h? +6? 


ax + by + cz + d= 0 is given by 


(iv) To find image of a point w.r.t. a plane: 
Let P (x,, y,, Z,) is a given point and ax + by + cz + d= 0 is given plane Let (x’, y’, z’) is the 


X,_ WVWy ZZ 5 (ax, + by, + cz, +d) 
b Co a? +b? +07 
Angle Between Two Planes: 


Xx 
image point. then 


9 aa'+bb'+cc' 
cos 9 = = = = 
Ja? +b2+02 Ja2+b2 +07 
. . , Fi x . a Cc 
Planes are perpendicular if aa + bb’ + cc = 0 and planes are parallel if — = b = 
a c 
a ss ee ii, .ii, 
The angle 6 between the planes r.n, =d, and r.n, =d,is given by, cos O= lam] 
n n 
They 


Planes are perpendicular ifn, . nl, = 0 & planes are parallel if ny = N,, Ais a scalar 


Angle Bisectors 


(i) The equations of the planes bisecting the angle between two given planes 
a,xtb.y+oz+d,=0andaxtby+ocz+d,=0 are 


axtbytez+d, _ a,x+b,y+c,z+d, 


yay +by +c; fas tbs +65 
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12. 


13. 


14. 
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(ii) Bisector of acute/obtuse angle: First make both the constant terms positive. Then 
a,a,tbb,+c¢,c,>0 => origin lies on obtuse angle 
aa,tbb,+cc,<0 > origin lies in acute angle 


Family of Planes 
(i) Any plane through the intersection of a,x+by+c.z+d,=0&ax+b,y+c,z+d,=0is 
axtbytez+d +A(axtbytcz+d)=0 


(ii) The equation of plane passing through the intersection of the planes T.n, =d,& 


= 


f.fi, =d, ist. (n, + AN) =d,+Ad, where A is arbitrary scalar 
. = = oe 13> 3 
Area of triangle : From two vector AB and AC. Then area is given by 2 | AB X AC | 


Volume Of A Tetrahedron: Volume of a tetrahedron with vertices A (x,, y,, Z,), B(X,, y,, Z,), C (Ky, 5: 


Xx yy, Z | 
] Ky Yo Zy 1 
Zand: Dis Vez) Oven by VS Aa. yy gy 
X, Y4 Z | 
A LINE 


Equation Of A Line 
(i) A straight line is intersection of two planes. 
it is reprsented by two planes a,x+by+cz+d,=Oandax+b,y++tc,z+d,=0. 
XTX YT _ 274% 


il Symmetric form : = = =r. 
(ii) y z b : 


(iii) | Vector equation: ; =4 +Ab 


(vi) Reduction of cartesion form of equation of a line to vector form & vice versa 


= = eS P=HKi ty, +z p) +A (aj + bj t+cZ). 


Angle Between A Plane And A Line: 


x—-X ZL-Zz 
(i) If 8 is the angle between line Z 1s = | and the plane ax + by + cz+d=0, thensin 
n 


= aé+bm-+cn 
(a? +b2 +02) fe? +m? +n? 


, 2 b.ii 
(ii) Vector form: If 8 is the angle between a line; =(4 +Ap) and;.q =dthensin 0 = Bla | 
n 


=—, bxii =0 
c 


m on 
(iii) Condition for perpendicularity 7 


(iv) Condition for parallel aé+bm+cn=0 b.n =0 
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3. Condition For A Line To Lie In A Plane 


X—X  Y7¥1 _ 274 — 
= = would lie in a plane 
£ m n 


(i) Cartesian form: Line 
ax + by +cz + d=0, if ax, + by, + cz,+d=O&art+ bm + cn=0. 


(ii) Vector form: Line f =a + Ab would lie inthe planet. =dif h.f =O&a.n =d 
4. Skew Lines: 


(i) The straight lines which are not parallel and non—coplanar i.e. non—intersecting are called 
a'-a BB yy 
skew lines. If A=| £ mn | 40, then lines are skew. 
t' m' n' 


(iii) | Vector Form: For lines — = a, + Ab, and f = a, + Ab, to be skew (b, X by). (A, — a,)# 0 
Sng el. a 2 (a, —a,) xb 
(iv) Shortest distance between lines; =a, +Ab&T =a, +uUbis d= ai: ar 


5. Sphere 


General equation of a sphere is x? + y? + z? + 2ux + 2vy + 2wz +d =0. (-u, — v, —w) is the centre 


and vy? 4 y24w2-q is the radius of the sphere. 


1. Sine Rule: a5 cs Oa 
sinA sinB sinc 
2 2 ss 2 2, 2. a 2 2 2: = 2 
2. Cosine Formula: (i) cosA=2 +" Gi) cosp= [tA —"© Gilt) cose = 2 TP 
2bc 2ca 2ab 


ad 


Projection Formula: (i) a= b cosC + c cosB (ii) b = c cosA + a cosC (iii) c= a cosB + b COSA 


4. Napier’s Analogy - tangent rule: 


-C b-c A C-A c-a B., A- 
= cot— (iii) tan 


‘ B 
(i) tan 


eee. oY or ea ae. Meeting yaa oS 
5. Trigonometric Functions of Half Angles: 
: sad“ (s—b)(S-c) BL (s-c)(S-a) Cis (s—a) (s—b) 
(i) sin a a sing | mae aa sin, ah ag 
is A _ |s@~a) BB © [8 (S~b) © Cc _ [sG-o) 
(ii) cos =| ie ; COS = 25 ; cos = ab 
st fan Se (s—b)(S-c) A ‘ _atbte, Pe eet ks Meares 
(iii) an = ¥ s(@-a) ~s(e-a) where s = ~~ is semi perimetre of triangle. 
2 2A 
(iv) sin A =— 4{s(s—a)(s — b\(s — c) = — 
be be 
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1 1 1 
6. Area of Triangle (A): A= 3 ab sinc = 3 be sinA = 708 sin B = ./s(s—a) (s—b) (s—c) 


7. m-n Rule: in 
lfBD : DC =m: n, then 
(m+n)cotO = mcota—ncotB 
= ncotB—mceotC 
8. Radius of Circumcirlce : B aN 
Cc 
m D n 
_~ a _ b _ C¢_ _ abe 
2sinA 2sinB 2sinC = =— 4a 
9. Radius of The Incircle : 
Gee (ii) r= (s EN ene panne es Sia 
s " 2 2 2; 
(iii) r aig ig & soon (iv) r= 4R sin sin 2 sin 
Ht ae Iv = In— sin— Sin— 
os 4 2 2 2 
10. Radius of The Ex- Circles : 
A B C 
(i) ne eee — (ii) ©, seta SS an (oe Stan 
iii) r ee aa & So on iv) r aR sin eas ac 
eG cos4 Nas are 2 2 
11. Length of Angle Bisectors, Medians & Altitudes : 
2be cost 
(i) Length of an angle bisector from the angle A= B, aa : 
1 
(ii) Length of median from the angle A= m, = 2b? + 2c? -a? 


2 
& (iii) Length of altitude from the angle A =A, =—— 
a 


12. The Distances of The Special Points from Vertices and Sides of Triangle: 
A 
(i) Circumcentre (O) : OA=R& O,=RcosA (ii) Incentre (I): IA=r POSE 5: &l=r 


A 
(iii) Excentre (1): 1,A=r, COBe es (iv) Orthocentre : HA= 2R cosA & H,= 2Rcos B cos C 


1 2A 
(v) _ Centroid (G) GA = 1 2b°+2c°—a" & G.=— 


3a 
13. Orthocentre and Pedal Triangle: 


The triangle KLM which is formed by joining the feet of the altitudes is called the Pedal Triangle. 
(i) Its angles are m- 2A, n- 2B and n- 2C. 
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(ii) Its sides are a cosA = R sin 2A, 
bcosB=Rsin2B and 
ccosC = Rsin2C 


(iii) Circumradii of the triangles PBC, PCA, PAB and ABC are equal. 


14. Excentral Triangle: 


The triangle formed by joining the three excentres I, I, and I, of AABC is called 
the excentral or excentric triangle. 
(i) A ABC is the pedal triangle of the A I, IL. 


17273 


(ii) Its angles are ~ eee p a= on 
2. P22 2 2 


XY 


A B 
(iii) lts sides are 4R GOS, ,4R cos, &4R G08: 


_A _B _C 
(iv) bio Rate Lae Silay ie AR SINS: 


(v) Incentre I of AABC is the orthocentre of the excentral A I, 11.. 


15. Distance Between Special Points : 


(i) Distance between circumcentre and orthocentre OH? = R? (1 — 8 cosA cos B cos C) 
eee : . cA» Bo € 
(ii) Distance between circumcentre and incentre OF = R? (1-8 sin > sin > sin >) = R?-2Rr 
ete hes ; : 1 
(iii) Distance between circumcentre and centroid OG? = R?- 9 (a? + b* + c*) 


__ INVERSETRIGONOMETRICFUNCTIONS ———«™ 


Principal Values & Domains of Inverse Trigonometric/Circular Functions: 


Function Domain Range 
(i) y=sin’x where -1<x<1 seg el 
2 2 
(ii) y = cos 'x where -1<x<1 O<sy<a 
(iii) y =tan'x where xeR = <y <5 
(iv) y = cosec'x where x<-1orx>1 Seva ee 
(Vv) y = sec 'Xx where x<-1orx21 O<y<myat 
(vi) y = cot'x where xeR O<y<n 
(i) sin” (sin x) = x, 7 <x< S (ii) cos-'(cos x) =x; O<x<nx 


(iii) 


(iii) 
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tan (tan x) = x; a <X (iv) cot' (cot x) = x; O<x<a 
<i Leg: av ee 43 1 T 
sec (sec x) =x; O<x<q, X* (vi) cosec' (cosec x) =x; x#0,-~<x<— 
2 2 
sin (-x) = - sin'x, -1<x<1 (ii) tan” (-x) = — tan'x, xeR 
cos '(—-x)=n-—cos'x, -1<x<1 (iv) cot'(-x) =x-—cot'x, xeR 
7 1 a TT 
SIE ROS ae ees (ii) RaBS et OLOTe xe R 


Tl 
cosec'x+ sec x= _, Ix] >1 


Identities of Addition and Substraction: 


(i) 


(ii) 


(iii) 


six + sin-ty = sin|x yl - y" sy yl-x'|,x20,y20aQery)<t 


=x-sin*]x yi-y" ty Vi-% |, x20, y20axty?>1 


cos’x + cosy = cos'|xy- y= x’ ii-y*), x>0,y20 


< + 
tan-'x + tany = tan?— Y x>0,y>0&xy<1 
1-xy 
X+y Tt 
=m + tans — gin ee ee ay ee OE Ce 


sin'x ~ sin-ty = sint|xyt-¥* ~yt?], x20, y>0 
cos'x — cosy = cost|xy + y1-x" i=? |, x20, y20,x<y 


x- 
>0,y>0 


ty _ —1y, = -1 —— 
tan" x — tan"'y = tan daxy '*? 


2sin’x if |xjs 


sin(2xyi-x? | =| n-2sin’x if xo 


—(v+2sinx) if x<-4 


2cos"' if O<x<1 
cos“ (2 x? — 1) = tine “ 
|2x—2cosx if -1<x<0 
2tan-'x if |x|<1 
tan-! =| m+2tan'x if x<-1 
u _(n-2tan“'x) if x>1 
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5 2tan'x if |x|<t 
sin’ =| n-2tan"x if x>1 
1+x 1 “ 
—(r+2tan x) if x<-1 
1—x? | 2tan"x ifx>0 
2) cos! - 4c: 
1+x? |-2tan' x ifx<0 
| x+y +z—-xyz ; 
a ae acai cL ry if, x>0,y>0,z>08& (xy + yz + zx) <1 


NOTE: 
(i) Iftan'x+tan'ty+tan‘'z=nthenx+y+z=xyz 
(ii) If tan-'x + tan y + tan'z =7 then xy + yz+ zx =1 


1 1 
(ii)  tan'1+tan'2+tan'3=n (vy) tan'1 + tan! ttan's = 5 
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